INTRODUCTION
It is well known that chlorophylls, Chl(s) and Chl derivatives have very intense and characteristic absorption and fluorescence emission in the blue and red part of the visible (VIS) light spectrum and, therefore, can play a role of molecular sensors in different biological surroundings, containing lipids, proteins or other important biomolecules. The absorption as well as the emission spectra suffer significant changes in biological surroundings, due to their aggregation and/or interaction with the present biomolecules (1) . For that reason the pigments may serve as a test, to monitor different molecular interactions and processes. For example, chlorophylls, which are abundantly present in light-harvesting complexes of the photosynthetic apparatus of plants and green algae (2) , monitor interactions with specific proteins inside the thylakoid lipoprotein matrix, and can generally serve as a test for functionning of the whole photosynthetic apparatus (3,4). Coupled with proteins, Chls were also used as the so-called 3 rd generation of photosensitizers in PhotoDynamic Therapy (PDT) (5) (6) (7) and that is the reason why "chlorophyllous proteins" spectroscopic studies have recently attracted a lot of attention (8) (9) (10) .
Chlorophyllyde a (Chlida), a derivative of chlorophyll a (Chla), is formed in the last steps of Chla biosynthesis, by reduction of protochlorophyllide a (11) (12) (13) or in degradation processes that include the loss of the phytyl "tail" (Fig. 1) and modification of the side chains of the Chl isocyclic ring in the enzymes catalyzed reactions (14, 15) .
Chlida has a phytochlorin system which is characterized by the absorption bands with very high intensities. The recently reported ε max values of 90689 M -1 cm -1 at 433 nm ("blue" or B-band) and 78300 M -1 cm -1 at 664 nm ("red" or Q y -band), for Chlida in 90% acetone (16) are almost the same as the ones of Chla (A max at 662 nm for "red" band in acetone, (17) ) since the phytyl "tail", the main structural factor that makes difference between Chla and Chlida ( Fig. 1) , has a negligible contribution to absorption, compared to the chlorine nucleus. The liposomes with incorporated chromophores are excellent models for biomembranes, specifically for photosynthetic membranes in the case of Chl(s) incorporation. Liposomes are successfully used to study the influence of different agents on the bilayer at a molecular level (18) , such as quercetin, QCT, a representative of a larger flavone family (3, 3', 4', 5, 7-pentrahydroxyflavone) with well known antioxidant properties (19, 20) . It is also known that the flavonoid molecule is localized either in the hydrophobic region or in the polar region of the lipid bilayers, depending on hydrogen bonding of the hydroxyl groups (21) . However, QCT can serve as a quencher of Chl emitted fluorescence, with Chla playing the role of a molecular sensor for revealing specific influence of QCT on the membranes of liposomes (22) .
In our recently published paper (23) we proved that both Chla and Chlida can act as molecular sensors when incorporated in the lipid bilayers of two different types of liposomes, small unilamellar vesicles (SUV) and much larger multilamellar vesicles (MLV). The presented spectral data (VIS absorption and fluorescence polarization) revealed differences regarding localization of the chromophore (porphyrin macrocycle) in the liposomes lipid moities. The obtained fluorescence polarisation data and the related QCT-mediated dynamics of the quenching process provided a deeper insight into quercetin localization in the lipid membrane, as well as into the degree of rigidity/fluidity of its environment.
This work presents a step ahead compared to the preceeding report (23) , since it introduces one more factor of variability: the chemical composition of the liposomes involved. While the liposomes used in the former study were made of dipalmitoyl phosphatidylcholine (DPPC) only, the other saturated lipid, dimirystoyl phosphatidylcholine (DMPC), was used in this study along with a phosphatidylcholine mixture (PC), containing a few fractions of unsaturated lipids with different contributions of double bonds inside their structures. The unsaturation diversity of the used SUV liposomes interior, compared to the saturated environment of DMPC liposomes, could shed more light on the impact of the lipoidal environment on spectral behaviour of the incorporated pigments.
MATERIALS AND METHODS

Materials and reagents
1,2-Diacyl-sn-glycero-3-phosphocholine (PC, T c = -15 --7 o C ), typical lots of egg yolk phosphatidylcholine that have fatty acid contents of approximately 33% 16:0 (palmitic), 13% 18:0 (stearic), 31% 18:1(oleic), and 15% 18:2 (linoleic) (other fatty acids being minor contributors), were purchased from Sigma Aldrich (Germany) and used without further purification.
1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC, T c = 24 o C) was purchased from Sigma Aldrich (Germany) and used without further purification.
The phosphate buffer solution (PBS) (NaH 2 PO 4 -K 2 HPO 4 ), pH = 7.4, was prepared using analytical grade reagents and distilled water from a Millipore Milli-Q system (conductivity ≤ 0.1 μS cm -1 ). All experiments, beginning with extraction, were performed under dim light as far as possible and inside vessels and equipment covered with aluminium foil or black cloth, preventing pigments' exposure to light (24) .
QCT (Sigma Aldrich) was prepared as 20 mM stock solution in dimethyl sulfoxide (DMSO).
Chlorophyll and Chlorophyllide extraction
Extraction of pigments from spinach leaves (including carotenoids) and purification of chlorophylls fraction, with dominated content of Chla, was done according the procedure described in the previous reports (23, 25) .
Chlorophyllides fraction from the pigment extract was obtained as described in (23) 
Preparation and characterization of liposomes
SUV liposomes with pigments incorporated in the lipid bilayer were prepared according to the thin-film hydration method (26, 27) . The DMPC and PC were dissolved in chloroform together with the pigment: Chla or Chlida (molar ratio of Chla or Chlida / lipid = 1/100). The pigment (Chla or Chlida) concentration was 5 x 10 -6 M, while the lipid concentration was 5 x 10 -4 M, considering the final buffer volume of liposome suspension.
Spectral criteria in the UV-VIS range of the absorption developed for Chla liposomes (26) were used to rapidly estimate the dimension and unilamellarity of the liposomes. All the operations were performed above the critical temperature (T c ) of DMPC and PC (~24 o C) in order to avoid defects. The SUV suspensions was centrifuged for 30 minutes, 20.000 g with SIGMA 2-16 K centrifuge. Only the supernatants were used in the investigations and they were kept at 4 o C for several days. Prior spectral measurements, the SUV suspensions were sonicated for several minutes.
QCT experiments
The experiments with QCT were done as described in the former report (23) at the temperature of 30 o C, above the T c of DMPC and PC.
Spectral measurements
The optical absorption spectra were obtained on a double beam UV-VIS spectrophotometer Lambda 2S Perkin Elmer; the instrument resolution was 1 nm. Fluorescence polarization measurements were performed using a Perkin Elmer LS 55 fluorescence spectrometer fitted with a bio-kinetic accessory, providing continuous monitoring of the temperature in the cuvette and stirring the liposome suspension. The LS 55 fluorescence spectrometer was equipped with an R928 photomultiplier, red-sensitive photomultiplier fitted for the collection of the emission data above 630 nm. For the wavelength range 630-750 nm, the correction for emission was not necessary, as proved with fluorescent standards. The instrument provides automatic correction for the excitation. Slits of 5 nm were used both for excitation and emission. The wavelength accuracy of the instrument is 
RESULTS AND DISCUSSION
The UV-VIS absorption spectra of SUV liposomes made of DMPC and PC, with incorporated Chla and Chlida are presented in Fig. 2 . In our previous work related to DPPC liposomes with Chla and Chlida (23), judging by the A max shift to the "red band", we proved the localization of the pigments porphyrin ring at the lipid-water interface in the vicinity of polar lipid heads, compared to the one in the solution. This was proved again with DMPC and PC made liposomes, both for Chla and Chlida, since the "red band" shift is 4 nm and 5 nm, respectively, compared to the corresponding spectra recorded in chloroform (A max =666 nm). As for the DPPC liposomes, the presented spectra (Fig. 2) are corrected for Rayleigh scattering (28) . All Abs values were normalized versus the red maximum in the respective absorption spectrum. As it could be observed the Abs pigments spectra recorded in the DMPC and PC made liposomes are the same regarding the shape and peak positions, with the λ max values of 670 nm (Chla) and 671 nm (Chlida), Fig. 2A-B , respectively.
The fluorescence emission spectra recorded in SUV liposomes, made of DMPC and PC, with incorporated pigments are presented in Fig. 3A-B The Chla and Chlida fluorescence emission in liposomes suspensions was measured in steady-state conditions. The longest wavelength maximum in the Soret band was used as the excitation wavelength for all emission spectra. Chla and Chlida were used as fluorescent probes and molecular sensors in all the fluorescence experiments on liposome suspensions. As in the previous report (23), the "red shift" of the maximum position (F max ) is observed as compared to the corresponding spectra of the pigments in chloroform solution (not shown). On the other hand, a small but notable shift in F max values, has been seen for both Chla and Chlida, in DMPC and PC made liposomes (678 / 680 nm for Chla in DMPC and PC Fig. 3A ; 680/681 nm for Chlida in DMPC and PC Fig. 3B ).
The main absorption bands of Chla and Chlida (Soret band and "red band") incorporated in the liposomes made of DMPC and PC indicate the presence of the pigments probably in a "monomeric form" (Fig. 2) . The same effect was seen in the case of Chla and Chlida in DPPC liposomes (23) . The comparison of a A max value for Chla, recorded in a native, highly-organized structure of pigment-protein complexes of isolated thylakoids (photosynthetic organelles), where Chls exist in aggregated form, clearly confirms this statement (A max value of 666 nm for monomeric Chla in chloroform - Fig. 2A vs 679 nm in thylakoids (19, 29) ). It is also noticeable that the change in lipid composition has not made any change in the A max values, both for Chla and Chlida (670 nm and 671 nm, respectively - Fig. 2A-B) . Evidently, the change of the molecular organization (from unorganized solution to the organized liposomes) prevailed over the change in the liposomes lipid composition. In other words, the change in the "physical state" inside liposomes, brought by changing saturated DMPC with partly unsaturated PC, and expressed through a certain change in the liposomes fluidity did not produce a notable change in the A max position for both pigments involved.
The same outcome was not so clearly seen from the fluorescence emission measurements. As in the previous paper (23), a "red shift" of emission maximums (compared to F max values in solution, not shown), observed both for Chla and Chlida (Table 1) , is explained by a more polar environment sensed by the the pigments fluorophores, e.g. the porphyrin macrocycles. The F max "red shift" is therefore a consequence of a crucial chan- Fig. 3A-B) . While both porphyrin macrocycles are located at the interface with the water phase in the vicinity of the lipid polar heads, the Chla phytyl "tail" in the hydrophobic lipid chains region makes the crucial difference: Chlida better senses the polar region of the lipid bilayer, whereas Chla experiences more flexible environment in the lipids hydrophobic core (18, 23) . However, while this molecular organization effect is clearly confirmed, the change in the lipid chemical composition produced a notable but still not clear effect. Unlike the absorbance measurements, a clear shift in the F max values was seen for both pigments incorporated in the two liposomes: in the case of Chla, 678 nm in DMPC vs. 680 nm in PC-made liposomes; in the case of Chlida, 680 nm in DMPC vs. 681 nm in PC liposomes (Fig. 3A-B , Table 1 ). A question remains, whether this shift is a direct effect of the difference in the lipids' chemical composition. Generally, it is well known that a higher percentage of unsaturated lipids means higher fluidity of the particular lipids environment (30, 31) ; in other words, the change in teh lipids' (un)saturation leads to a change of the "physical state" of lipids' microenvironment. However, when one deals with a mixture of saturated and unsaturated lipids, like the PC sample used in this work, the situation becomes more complicated. The lipids can be organized in various domains based on the lipids' assemblying and disassemblying (analogous to "rafts domains" in some cell membranes made of sphingolipids and cholesterols -32, 33), and this may affect distribution of the pigments inside. For example, in the case of carotenoids (well known antioxidants and accesory photosynthetic pigments), the polar xantophylls are practically excluded from the raft domains with a dominant fraction of saturated lipids, and are selectivelly accumulated in other bulk domains rich in unsaturated lipids (34, 35) , while on the other hand, non-polar β-carotene is distributed more uniformly between these domains (36) . The sample used in this work contained approximately equal fractions of saturated and unsaturated lipids, so there is a reasonable presumption that Chla and Chlida might be non-uniformly and selectively distributed inside different domains of the PC made liposomes (compared to DMPC liposomes). The Chla and Chlida fluorescence emission in the DMPC and PC made liposomes was measured in the presence of QCT added in the concentration of 0-100 µM (Fig. 4) at  30 o C, where both lipids exist in liquid phase. Generally, the addition of QCT leads to a quenching effect of the pigment fluorescence. In both cases, a linear Stern-Volmer relationship was obtained by plotting the relative intensity ratio vs. the QCT concentration. The experiments with QCT, which plays a role of fluorescence quencher in this study, might be of some help to obtain an additional perspective on the problem. A linear SternVolmer plot is generally indicative of a single class of fluorophores, all equally accessible to quencher, and can be obtained either in the case of dynamic or static quenching (37) . It is obvious that in the present case, the Chla and Chlida fluorescence quenching by QCT in the DMPC and PC made liposomes at 30 o C, the linear Stern-Volmer plots indicate a single class of flurophore (Chla and Chlida porphyrin ring) accessible to QCT (Fig. 4) .
The calculated Stern-Volmer constants, as presented in Fig. 4 and Table 2 , are differrent. Considering a value of 5.7 ns for τ 0 (38), for both Chla and Chlida, the bimolecular quenching rate constants were calculated and given in Table 2 . (23) ) that the pigments accessible to the quencher can be considered as being localized in the regions of the outer lipid monolayer, exposed to the solvent, the quenching of Chla emitted fluorescence seems to be more efficient (compared to DPPC liposomes), but a , a static process can be rather considered as responsible for Chla and especially for Chlida quenching by QCT. In the absence of the appropriate evidence (e.g. the changes in the absorption spectrum upon complexation), the interaction is likely to be non-specific and the model of an effective sphere of quenching is more appropriate (40) . None of the changes of the absorption spectra or emission spectra (except very slight variations of the relative intensity - Figs. 2-3, respectively) were observed in the case of both the DMPC and PC made liposomes with Chla or Chlida upon addition of QCT. An effective sphere of quenching of Chla and Chlida fluorescence could be assumed to fit the obtained results. Chlida and QCT can be considered as competitive for the same places of insertion, but especially in the case of PC made liposomes with incorporated Chlida, the question arises whether it happens in the outer monolayer of the liposomal bilayer only, or the energy transfer pair can be found at least partly within it, due to higher fluidity of at least some existing domains in the PC made liposomes.
CONCLUSION
While Chla and Chlida remain reliable molecular sensors for the lipid bilayers of the DMPC and PC made liposomes are prepared with the incorporated pigments, at the same time they can serve to some extent, as an indicator of structural differences inside the liposomes (and related "physical states" of the lipids' environment) brought by the variations in the chemical composition of the involved lipids.
